Objectives: The content of n-3 (omega-3) polyunsaturated fatty acids in fat tissue is a valid indicator of their long-term consumption. We studied the stability of n-3 fatty acids in human subcutaneous fat microbiopsies after 6 and 11 y of storage. Design: Microbiopsies were taken from a lump of human adipose tissue and stored at +20 and À801C. Setting: Laboratory study. Results: After 5.6 y at À801C the proportion of six out of seven highly polyunsaturated fatty acids varied between 91 and 102% (mean 97%) of their baseline values. Storage at +201C yielded recoveries between 82 and 105%. After 11 y at À801C the proportions in the original lump of tissue ranged from 88 to 101% (mean 94%). Conclusion: n-3 fatty acids in stored fat tissue aspirates are stable for 6 -11 y, and are suitable markers of baseline diet in longterm epidemiological studies.
Introduction
In studies of the relation between diet and disease, biochemical indicators of nutrient intake are a useful alternative to self-reported food consumption (Willett, 1998) . The content of long-chain n-3 (omega-3) polyunsaturated fatty acids in subcutaneous adipose tissue is an especially valuable biomarker because tissue contents rise linearly with intake over a wide range, differences between subjects are highly correlated with dietary intake, and levels in subcutaneous fat reflect accumulated intake over the previous months and years (London et al, 1991; Leaf et al, 1995; Marckmann et al, 1995; Katan et al, 1997; Andersen et al, 2001) . Adipose tissue levels are thus sensitive to intake, they integrate intake over a long period, and they are largely determined by diet. They therefore meet the requirements for an indicator to be useful in epidemiological studies on diet and disease (Willett, 1998) .
Analysis of biological specimens of a full cohort is expensive, and epidemiologists therefore prefer a nested case control design in which samples are taken from all subjects at baseline and stored. At the end of followupFusually 5 y or moreFsamples of subjects who became ill are analysed, together with those of matched controls. This design is critically dependent upon the stability of samples during storage.
In this respect, n-3 polyunsaturated fatty acids appear at a disadvantage because they are sensitive to oxidation, and therefore foods rich in n-3 polyunsaturated fatty acids easily go rancid. However, we reported earlier that n-3 polyunsaturated fatty acids in stored fat tissue aspirates were surprisingly stable for up to 7 months (Deslypere et al, 1993) . Although this was encouraging, 7 months is an order of magnitude shorter than the usual follow-up in prospective studies. Therefore, we now report stability after 5.6 y and after 11 y.
A lump of abdominal fat tissue was obtained during cosmetic surgery. We took 120 microbiopsies from it with the same procedure as is used to obtain subcutaneous microbiopsies from volunteers; the method involves a standard evacuated blood sampling tube, a 16-gauge needle and a Luer adapter (Beynen & Katan, 1985) . Eighteen samples were analysed immediately to provide baseline values. The other samples were stored at À801C in an ultra-deep freezer and at +201C in a thermostatted room, and batches of 10 samples were taken out and analysed after various intervals. By year 6, we had run out of stored microbiopsies, but the original lump of human fat tissue from which the microbiopsies had been taken was preserved at À801C. At year 11.0, we took 10 samples from this lump and analysed these. The study was approved by the Committees on Human Experimentation of the institutes involved.
Sample preparation and gas-liquid chromatography were performed as described (Deslypere et al, 1993 ) using a 25-m capillary CP-Wax 58 column (Chrompack, The Netherlands) in a Hewlett-Packard 5890 gas chromatograph. For samples of less than 10 mg, the hexane layer was concentrated up to 10 times prior to gas chromatography.
Results Figure 1 shows the proportions of six n-3 polyunsaturated fatty acids and the n-6 fatty acid arachidonic acid as a function of storage time. Results at 2, 19 and 30 weeks were described previously (Deslypere et al, 1993) . Each value at 5.6 y represents the mean of 10 biopsies analysed independently. After 5.6 y at À801C the proportion (as mass percent methyl esters) of six of the seven fatty acids varied between 91 and 102% of its baseline value. C22:3n-3 was no longer detectable. This could represent selective loss but is more likely due to poor separation or faulty identification earlier on. After storage at +201C recoveries for these six fatty acids ranged from 82 to 105%.
After 11 y of storage at À801C the average proportion of all 27 identified fatty acids was 103% of their value at baseline. After elimination of three outliers (C14:1, 347%; C22:3n-3, 0%; C24:1, 11.6%) the mean recovery after 11 y was 101 7 9%, showing that the analytical method was reasonably stable. The proportions of the five n-3 fatty acid peaks detected at 11 y (Figure 1 ) equalled 93 7 3% (mean 7 s.d.) of their values at 0 y. For five minor saturated fatty acids with peak sizes in the same range as the n-3 fatty acids, the proportion present at 11 y was 107 7 4% of that present at baseline. The 95% confidence interval of the difference between the stability of these five saturated fatty acids and that of n-3 fatty acids was 9.8 -18.6%
Discussion
Highly unsaturated fatty acids are susceptible to spontaneous oxidation, but in spite of that their levels were hardly changed after almost 6 y of storage as microbiopsies from human fat tissue. Samples were not stored under vacuum or nitrogen, but the Luer adaptors which served as containers left only a small surface of tissue sample in contact with air. Even at 11 y, the proportions of n-3 fatty acids in the original lump of abdominal tissue still equalled 93% of their baseline values. This was, however, somewhat lower than in comparable saturated fatty acids. Thus, some minor decomposition may have taken place. Surprisingly, even after 6 y at room temperature the loss was only 16% for docosahexaenoic acid (C22:6n-3, DHA) while eicosapentaenoic acid (C22:5n-3, EPA) had risen by 5% (Figure 1b) . This suggests that fatty acids in fat tissue biopsies will be stable if kept in a household freezer at À201C, which should reduce storage costs.
The question needs to be asked how changes in fatty acid proportions upon storage will affect the outcomes of observational studies in which analyses of stored biopsies are used to assess dietary intake at baseline. If the change is the same for every sample then such changes will not affect ranking of subjects. Random changes with time will tend to attenuate effects of diet on the outcome of interest, but the coefficients of variation for analyses in stored biopsies were Figure 1 Proportions of six highly unsaturated n-3 fatty acids and one n-6 fatty acid (C20:4n-6, arachidonic acid) in fat tissue microbiopsies after storage for 0, 2, 19 and 30 weeks and 5.6 y at À801C (a) or +201C (b). Values are g/100 g of fatty acid methyl esters.
modest (Table 1) and did not increase with storage, so random changes with time do not appear to be large. Theoretically, the extent of changes might depend on other subject characteristics and thus produce confounding. The vitamin E present in fat tissue may counter oxidation, and differences in vitamin E status between subjects could conceivably cause differential loss of highly unsaturated fatty acids. For this and other reasons, it could be useful to assess vitamin E in addition to fatty acids when stored adipose tissue samples are used to estimate dietary exposures.
Microbiopsies can be taken from subjects with minimal risk or discomfort (Beynen & Katan, 1985) , and they provide information about a range of fatty acids as well as fat-soluble vitamins and anti-oxidants. The long-term stability of n-3 polyunsaturated fatty acids including -linolenic acid, EPA, and DHA underscores the utility of fat tissue aspirates for prospective studies on dietary lipids and disease. 
